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Abstract 
The effect of a proper shaping of the temporal envelope of stored data-pulse based on stimulated Brillouin scattering in As2Se3 
optical fibers is studied. The stored data-pulse shape can be optimized to lead to a substantial enhancement of the readout 
efficiency and reduction of aberration of the data-pulse. The spectrum of the three different data-pulses is engineered so that the 
spectral width of the pulses is changed while preserve the pulse duration, making possible to match at best the control pulse 
spectrum. Gaussian shaped pulses show the optimized temporal profile gain the biggest readout efficiency and the smallest 
aberration when compared to exponential and rectangular pulses. 
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1. INTRODUCTION 
The lack of feasible an all-optical memory operating within the whole communication wavelength and with a 
possibility to control storage time is a well-known bottleneck of all-optical communication network. To realize the 
all-optical memory, one needs to control the group velocity of light. Various slow light technology have been widely 
studied both experimentally and theoretically [1-2]. Stimulated Brillouin scattering (SBS) slow light have attracted 
considerable interest because its room temperature operation, low threshold, working at any wavelength, and 
compatibility with existing optical communication systems [3-6]. 
 A storage method was recently described and experimentally demonstrated based on (SBS) [7-9]. The basic 
principle of SBS light store in optical fiber can be depicted as follows: Two light beams are simultaneously injected 
into a single mode fiber (SMF) from its two ends. One beam is a strong pulse laser as the control light (Including 
write-pulse and read-pulse) and the other one is a weak pulse laser acting as the data-pulse. The data-pulse that 
represents bits of information pass through the fiber while, a write pulse passes through the fiber in the opposite 
direction. Through the process of SBS, essentially all the data-pulse energy is depleted and a coherent acoustic 
excitation is left behind in the fiber, which contains the information content of the data-pulse. The frequency of the 
acoustic wave is equal to the frequency difference between the data-pulse and control pulse. Only a small fraction of 
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the data-pulse energy is converted to the acoustic excitation; most of it is transferred to the write-pulse. After a 
controllable storage time, a read-pulse passes through the fiber in the same direction as the write-pulse. It depletes 
the acoustic excitation, and the data-pulse is released from the fiber, propagating in the same direction as the original 
data-pulse. Energy from the read-pulse is transferred to the released data-pulse in this process. Storage time between 
data-pulse and retrieved data-pulse is controlled within the phonon lifetime of the fiber material.  
We especially notice that in the zhu et al experiment, a single rectangular shaped 2 ns FWHM duration data-
pulse was stored in a short standard single mode silica fiber through acoustic excitation by SBS using a rectangular 
shaped 1.5 ns FWHM duration write-pulse, and read out from the acoustic wave after several ns storage time using 
another rectangular shaped 1.5ns FWHM duration read-pulse, where the central frequency of either write-pulse or 
read-pulse is down-shifted from that of the data-pulse by amount of the Brillouin frequency shift. The storage time 
can be controlled by varying the time interval of the write-pulse and read-pulse. From their experiment we also find 
that no matter how long the storage time is, the retrieved rectangular data-pulse of temporal distributions profile is 
seriously aberrant, so that we don’t know what the initial stored data-pulse profile is. Thus, zhu et al hypothesize 
that the edges are not fully stored because the write-pulse spectrum is not broad enough to fully encompass the data-
pulse spectrum; its spectrum is only slightly wider than the data-pulse spectrum. 
In this paper, to test zhu et al hypothesis, we stored and retrieved three different the rising and falling edges 
data- pulse temporal distribution profile but same 2 ns FWHM duration, i.e. Gaussian, exponential, and rectangular 
under three different spectral width of control-pulse . For a given pulse duration, its spectral width can be modified 
by properly shaping pulse envelope, so three different spectral width is respectively generated by three same 1.5ns 
FWHM duration pulses, i.e. Gaussian pulse, rectangular pulse and chirped Gaussian. We also want to know whether 
the fast rising and falling edges of the data-pulse in the time domain contribute to its storage process. we aim at 
acquire an optimization the time-domain intensity profile of the data-pulse signal to modify its spectrum for a best 
fit within the Stimulated Brillouin Scattering light stored.  
2. THEORY MODEL 
The SBS process is described by one-dimensional coupled wave equations involving a forward data field (+z
direction), a backward control field (-z direction), and a forward acoustic field. Under the slowly-varying-envelope 
approximation, the three-wave coupled wave equations are given as below: 
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Here, dA  and cA are slowly-varying electric field envelopes of the data and control (i.e. write and read) pulses, 
respectively, and Q  is related to the slowly-varying amplitude of the acoustic wave  
U by BBea iQ WHJUX : 0
2 /2 , aX is the acoustic velocity, eJ is the electrostriction coefficient of the fiber, 
B: is the Brillouin frequency shift, BW is the acoustic lifetime, gX is the group velocity of the optical pulses in the 
fiber, OS /20  k , Ȝ is the wavelength of the data or control pulses, 2/0 fc KHK  , c is the velocity of light in 
vacuum, fK  is the model refractive index of the fiber, and Bg  is the SBS intensity gain coefficient.  
In the SBS process, the gain spectrum of the signal pulse )(Zg  is given below 
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Where )(ZI  is the power spectrum of the signal pulse, )(Zig  is the intrinsic gain spectrum of the SBS process, 
whose width is approximately 35MHz in the conventional single-mode fiber. For the broadband signal (ie: GHz 
bandwidth), the bandwidth of )(Zig can be neglected. Therefore, )(Zig  can be approximated 
by )(0 Bg : ZG , where 0g  is the peak absorption coefficient and )(ZG  is the unit impulse function. With this 
approximation, for the broadband signal, )(Zg can be calculated as 
)()( 0 ZZ Igg |  
therefore the gain spectrum has the same shape and width as the spectrum of the signal pulse.  
Thus, in the SBS store process, when the spectrum of the control pulse can fully overlap or greater than the gain 
spectrum of the data-pulse, and if the energy of the control pulse is high enough, the energy of the data-pulse can be 
adequately depleted in the “write” process and read out in the “read” process, and the readout efficiency can be 
greatly improved.  
       To reduce the required control pulse energy and maximize the storage time, we select As2Se3 fiber with high 
Brillouin gain coefficient and long acoustic lifetime as the material of store light. In calculation we reference to the 
parameters of As2Se3 fiber in the paper [9]  
In a simulation test, we defined three different data-pulse intensity profiles with an identical FWHM duration 
of 2ns, showing successively Gaussian, exponential, and rectangular temporal distributions. The spectra of the data-
pulses were numerically obtained through a Fourier transform of the pulse waveforms as shown in Fig 1. It is clearly 
observed that as we had anticipated. the different pulses show different spectral widths. Among them the spectrum 
of the rectangular data-pulse is widest and the exponential data-pulse is narrowest. we also defined three different 
control pulses intensity profile with an identical FWHM duration of 1.5ns long , showing successively Gaussian, 
exponential, and rectangular temporal distributions and corresponding spectral profile in Fig.2(b). where the 
spectrum of Gauss control pulse with 1.5 ns temporal distribution profile is among the 2 ns Gaussian data-pulse and 
2 ns rectangular data-pulse; the spectrum of rectangular control pulse with 1.5 ns temporal distribution profile is 
obviously wider than the spectrum of 2 ns Gaussian data-pulse and 2 ns exponential data-pulse and is slightly wider 
than 2 ns  rectangular data-pulse spectrum; the spectrum of chirped Gaussian control pulse with 1.5 ns temporal 
distribution profile are broad enough to fully encompass the three data-pulse spectrum. In calculation, data-pulses 
have a peak power of ~10mW, Control pulses have a peak power of ~150 W.  
 
Fig.1 Studied data-pulse ˄ rectangular, exponential, and Gaussian time distribution from bottom to top with 
corresponding spectra in the right˅  
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(a)                                                               (b) 
Fig.2 (a) amplitude of chirped Gaussian control pulse. (b) Studied control pulse˄Gaussian, rectangular, and chirped 
Gaussian time distribution from bottom to top with corresponding spectra in the right ˅ 
3. ANALYSIS AND DISCUSSION 
When data-pulse is Gaussian and control pulses (i.e. write and read) are respectively Gaussian, rectangular, and 
chirped Gaussian temporal distributions profile, the simulations results of stored data-pulse waveforms are shown in 
Fig.3.  

 ˄a˅                                  (b)                                   (c) 
Fig.3. Observation simulations of the Gaussian data-pulse storage for different control pulse. (a) shows a 1.5-ns-      
long Gaussian shaped control pulses. (b) shows a 1.5-ns-long rectangular shaped control pulses. (c) shows a 1.5-ns-
long chirped Gaussian shaped control pulses.   
In the Gaussian control pulse intensity profile, there are obviously undepleted data pulses. Only a fraction of the 
data-pulse energy is retrieved from the acoustic excitation. Readout efficiency is also smaller. With the spectrum of 
the control pulses is increased, undepleted data pulses is decreased and the readout efficiency of the data-pulse is 
increased. When the spectrum of control pulse is wider sufficiently, for example the chirped Gaussian, the readout 
efficiency reach to the biggest, then, the data-pulse is fully retrieved. Including the data-pulse FWHM duration is 
retrieved as original as 2ns, and the waveform of the data-pulse have no any distortion. It is confirm that a smoothed 
pulse is easily retrieved. We also find that for the given data-pulse and corresponding control pulse, the retrieved 
data-pulse duration have constant distortion, namely the data-pulse width is unchanged when the storage time 
become longer. 
 

                                                                          (a)                                  (b)                                      (c) 
Fig.4. Observation simulations of the exponential data-pulse storage for different control pulse. (a) shows a 1.5-ns-
long Gaussian shaped control pulses. (b) shows a 1.5-ns-long rectangular shaped control pulses. (c) shows a 1.5-ns-
long chirped Gaussian shaped control pulses.   
When data-pulse is exponential, the simulations results of stored data-pulse waveforms are shown in Fig 4. The 
maximum characteristic of stored exponential data pulse is that the retrieved data-pulse FWHM duration can’t be 
retrieved completely, it only decreased with the spectrum of control pulse become more and more broad, and the 
pulse aberration is gradually smaller. But the data-pulse have not fully recovered by the wide band control pulse, the 
width of data-pulse is compressed. 
When data-pulse is rectangular, the simulations results of stored data-pulse waveforms are shown in Fig 5. Due to 
the fast rising and falling edges the rectangular shaped data-pulse experience complicated stored process in the time 
domain. Especially when the rectangular data-pulse encounters the rectangular control pulse, the retrieved data-
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pulse duration is seriously compressed than other two situations. We hypothesize the main reason is that the fast 
rising edges of the data pulse and the control pulse in the time domain contribute to its store content. Thus, the result 
is that the width of the data-pulse is compressed. But when the control pulse is chirped Gaussian profile, the 
recovery data-pulse waveform is almost as same as original. We have never seen such retrieved rectangular data-
pulse waveform reported in the literature. 

                                                           (a)                                     (b)                                     (c) 
Fig.5. Observation simulations of the rectangular data-pulse storage for different control pulse. (a) shows a 1.5-ns-
long Gaussian shaped control pulses. (b) shows a 1.5-ns-long rectangular shaped control pulses. (c) shows a 1.5-ns-
long chirped Gaussian shaped control pulses.     
 
4. CONCLUSION 
In a simulation test, we also find that the retrieved data-pulse duration in terms of the FWHM is modified 
greatly by the control pulse spectrum. When the control pulse spectrum is less than or close to the data-pulse 
spectrum, the duration of retrieved data-pulse take place serious aberration. For the fixed data-pulse and control 
pulse, the aberrations have no change even if the storage time becomes longer; But for the different control pulse, 
with the spectral width of the control pulse increasing, the aberration decrease, where the Gaussian data-pulse can be 
retrieved completely to 2ns duration as same as the originals, the rectangular data-pulse is also retrieved basically, 
only the exponential data-pulse have been no retrieved.  
Our results demonstrate that the optimized shaping of data-pulse is the Gaussian temporal distribution profile, 
because its readout efficiency is biggest and its waveform and FWHM can be fully retrieved so far as the spectral 
width of control pulse is slightly wider than the data-pulse. 
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